The B 0 , B 0 s , B + and Λ 0 b hadron production asymmetries are measured using a data sample corresponding to an integrated luminosity of 3.0 fb −1 , collected by the LHCb experiment in proton-proton collisions at centre-of-mass energies of 7 and 8 TeV. The measurements are performed as a function of transverse momentum and rapidity of the b hadrons within the LHCb detector acceptance. The overall production asymmetries, integrated over transverse momentum and rapidity, are also determined.
Introduction
The production rates of b and b hadrons are not expected to be identical in proton-proton collisions, as b and b quarks, produced in a hard scattering at the partonic level, might have different probabilities for coalescing with u or d valence quarks from the beam remnant. As a consequence, the production rates of B + and B 0 mesons may exceed those of B − and B 0 , and b baryons can be produced more abundantly thanb baryons. In the case of B 0 s and B 0 s the production rates depend on the values of the other production asymmetries as no valence strange quark is present within the colliding protons and b and b quarks are predominantly produced in pairs.
The LHCb detector, thanks to its unique geometry as a forward spectrometer, is particularly suited to measure such asymmetries, as they are expected to be enhanced at forward rapidities and small transverse momenta. Other subtle effects of quantum chromodynamics, beyond the coalescence of b quarks and light valence quarks, may also contribute [1] [2] [3] .
The measurements of hadron production asymmetries are of primary importance, not only for the understanding of the production mechanisms, but also for enabling precise measurements of CP violation in c and b hadrons at the LHC. Indeed, observed asymmetries must be corrected for production effects to obtain the CP asymmetries in the decays. Simulations that model the non-perturbative fragmentation of b quarks in protonproton collisions at LHC energies predict asymmetries generally up to a few percent [4, 5] . Production asymmetries of B 0 and B ), determined indirectly from the other asymmetries, is presented. Hereafter, K * 0 is used to refer to the K * (892) 0 and the inclusion of chargeconjugate decay modes is implied throughout, except when referring to the production asymmetries, which are defined as
, with x ∈ {B + , B 0 , B where σ denotes the inclusive production cross-section in a given region of phase space. The data sample, collected by LHCb in proton-proton collisions, corresponds to an integrated luminosity of 1.0 fb −1 at a centre-of-mass energy of 7 TeV, and 2.0 fb −1 at 8 TeV. The measurements are performed as a function of both the component of the momentum transverse to the beam (p T ) and the rapidity (y) of the hadrons within the LHCb detector acceptance, and are then integrated over the ranges 0 < p T < 30 GeV/c and/or 2.1 < y < 4.5 for B + and B 0 decays, and 2 < p T < 30 GeV/c and/or 2.1 < y < 4.5 for B 0 s and Λ 0 b decays. The ranges in p T are not identical due to different trigger requirements between decays with and without muons in the final states. This analysis improves the previous one performed on B 0 and B 0 s production asymmetries [6] , using a larger data sample and a finer binning scheme for investigating the dependence on p T and y. In addition, new measurements of B + and Λ 0 b production asymmetries have been included. Unlike in the previous analysis, the B 0 → D − π + decay is not considered, as it has been found not to improve the precision on the B 0 measurement.
Detector, trigger and simulation
The LHCb detector [10] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system consisting of a silicon-strip vertex detector surrounding the proton-proton interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes placed downstream of the magnet.
The tracking system provides a measurement of momentum, p, of charged particles with a relative uncertainty that varies from 0.5% at low momentum to 1.0% at 200 GeV/c. The minimum distance of a track to a primary vertex (PV), the impact parameter (IP), is measured with a resolution of (15 + 29/p T ) µm, where p T is measured in GeV/c. Different types of charged hadrons are distinguished using information from two ring-imaging Cherenkov detectors. Photons, electrons and hadrons are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers. The trigger [11] consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction.
For B + → J/ψ K + and B 0 → J/ψ K * 0 decays, the data are collected by using the hardware muon trigger, which requires a single muon with large transverse momentum (from p T > 1. 4 GeV/c to p T > 1.8 GeV/c) or a pair of muons with a large product of their transverse momenta (from √ p T,1 p T,2 > 1.3 GeV/c to √ p T,1 p T,2 > 1.6 GeV/c), depending on the data-taking conditions. For B 0 s → D − s π + decays, data are collected using the hadronic hardware trigger, which requires at least one cluster in the hadronic calorimeter with a transverse energy greater than 3.5 GeV or 3.7 GeV, depending on the data-taking period. The output is then processed by the software trigger. In the case of B + → J/ψ K + and B 0 → J/ψ K * 0 decays, J/ψ mesons consistent with coming from the decay of a b-hadron are selected by requiring that their decay products form a displaced vertex and have large IPs at the PV with respect to which the B candidate has the smallest χ + decays are selected by requiring a two-or three-track secondary vertex with a significant displacement from all PVs. At least one charged particle must have a transverse momentum p T > 1.7 GeV/c and be inconsistent with originating from a PV. A multivariate algorithm [12] is used for the identification of secondary vertices consistent with the decay of a b hadron.
Simulated events are used to determine the signal selection efficiency as a function of p T and y, and to study the modelling of the decay-time resolution, the reconstruction efficiency as function of the decay time and the shape of the invariant mass distribution of partially reconstructed background. In the simulation, proton-proton collisions are generated using Pythia [4, 13] with a specific LHCb configuration [14] . Decays of hadronic particles are described by EvtGen [15] , in which final-state radiation is generated using Photos [16] . The interaction of the generated particles with the detector, and its response, are implemented using the Geant4 toolkit [17] as described in Ref. [18] .
Methodology
The asymmetries A P (B 0 ) and A P (B 
The direct CP asymmetry A CP is defined as
where the symbol B stands for the branching fraction of the decay considered. The asymmetry A P (B + ) is measured by means of a time-integrated analysis of B + → J/ψ K + decays, with J/ψ → µ + µ − , starting from the raw asymmetry defined as
where N denotes the observed yields. The raw asymmetry can be written, up to O(10 −6 ) corrections, as
where A D (K + ) is the K + detection asymmetry, measured by means of charm control samples as in Ref. [19] , and A CP (B + → J/ψ K + ) is the CP asymmetry in the decay, measured by BaBar, Belle and D0 [20] [21] [22] . An improved measurement of the CP asymmetry was also made recently by LHCb [23] , using an independent data sample selected with different trigger requirements. The A P values obtained from Eq. 1 and Eq. 2 are detectorindependent quantities only if measured in kinematic regions where the reconstruction efficiencies are constant. To account for the dependence of the production asymmetries on the kinematics of the B + , B 0 and B 0 s mesons, each data sample is divided into bins of (p T , y), and the measurement is performed for each bin. Figure 1 shows the distribution of (p T , y) for
where the background components are subtracted using the sPlot technique [24] and the definition of the various kinematic bins is overlaid. For the B + and B 0 decays a common set of bins is used, defined in Table 6 of the Appendix, and in the case of the B 0 s decay, the binning scheme is reported in Table 8 .
In proton-proton collisions at the LHC, b and b quarks are predominantly pair-produced via strong interaction processes. This leads to a relation between the Λ 0 b production asymmetry and the other b-hadron production asymmetries, namely
where from simulation. Neglecting these terms, the Λ 0 b production asymmetry can be measured using the approximate relation
Possible small deviations from this approximation, due in particular to contributions from other b baryons, are taken into account in the evaluation of systematic uncertainties.
Integrated production asymmetries
In addition to the measurements in bins, integrated production asymmetries, where efficiency corrections have been applied, are also provided. The integration of the A P values is performed in the ranges 0 < p T < 30 GeV/c and 2.1 < y < 4.5 for the B + and B 0 decays and in the ranges 2 < p T < 30 GeV/c and 2.1 < y < 4.5 for the B 0 s and Λ 0 b decays. The integrated value of A P is given by where the index i runs over the bins, N i is the number of observed signal events in the i-th bin and ε i is the efficiency defined as the number of selected events divided by the number of produced events in the i-th bin. The signal yield in each bin can be expressed as
where L is the integrated luminosity, σ bb is the bb cross section, f q is the fragmentation fraction for quark flavour q, with q ∈ {u, d, s}, F i stands for the fraction of the b hadrons produced in the i-th bin and B is the branching fraction of the b-hadron decay being considered. By substituting N i /ε i from Eq. 5 into Eq. 4, the integrated value of A P becomes
where
The ω i values are determined using simulated events, generated with proton-proton collisions at the centre-of-mass energies of 7 and 8 TeV.
Data set and event selections
The selections of B + → J/ψ K + and B 0 → J/ψ K * 0 decays are based on the reconstruction of J/ψ → µ − µ + decays combined with either a track identified as a kaon or with a K * 0 decaying to K + π − . The J/ψ candidates are formed from two oppositely charged tracks originating from a common vertex, identified as muons with p T > 500 MeV/c. The K * 0 candidates are formed from two oppositely charged tracks, one identified as a kaon and the other as a pion, originating from the same vertex. They are required to have p T > 1 GeV/c and the A final selection is applied using a multivariate analysis method based on a Boosted Decision Tree [27] , where the variables used in the selection are: the p T and the IP of the B decay products, the flight distance and the IP of the B candidate, and, in the case of B 0 s , the flight distance of the D − s meson. The multivariate selection is trained using simulated events as a proxy for the signal, and B-meson candidates from data selected in the upper mass sidebands to represent the background.
Fit model
For each signal and background component, the invariant mass distribution of all B candidates, and, in the case of B 0 (s) , the decay time, is modelled by defining appropriate probability density functions (PDFs). Two categories of background are considered: the combinatorial background, due to the random association of tracks, and the partially reconstructed background, due to decays with a topology similar to that of the signal, but with one or more particles not reconstructed. The latter is only relevant for B 
Invariant mass parameterization
The signal component for B mesons is modelled by convolving a sum of two Gaussian functions with a function parameterizing the final-state QED radiation (FSR). The PDF of the invariant mass, m, is given by the convolution
where G is the sum of two Gaussian functions with different widths and common mean µ that represents the B-meson mass. The parameter s governs the amount of FSR, and using simulation is found to be s = −0. 
Decay time parameterization
Starting from Eq. 1 and summing over ξ, the decay rate to a flavour-specific final state of a neutral B meson is parameterized by the convolution
where R(t) is a function describing the decay-time resolution, as discussed in Sec. 5.3, and (t) is the reconstruction efficiency as a function of the decay time determined from simulation and parameterized for the B 0 decay by
and for the B 0 s decay by
where erf is the error function, and p i and n i are parameters determined from simulation. The terms Λ + and Λ − are defined as
and A CP is very small for the decays under study. For this reason, it is only possible for the fit to determine the sum of A D and A CP , but not their individual values.
The decay-time PDF of the combinatorial background is studied using events from a high invariant mass window where the signal is not present, namely in the range 5310-5340 MeV/c 2 for B 0 → J/ψ K * 0 and 5450-5900 MeV/c
+ decay is determined from simulated events.
Decay time resolution
The decay-time resolutions of B 0 and B 0 s mesons are estimated by studying the decay time of fake B candidates, formed from a D − decaying to K + π − π − and a pion track, both coming from the same PV. These B candidates are called fake, as the probability to form a real decay with this technique is negligible. In order to avoid the introduction of biases in the decay-time measurements, the accompanying pion is selected with requirements on momentum and p T , rather than on IP. The decay-time distribution of these fake B candidates yields an estimate of the decay-time resolution of a real decay. This method is verified by means of simulated events, both for signal and fake B decays. The resolution model, R(t), consisting of a sum of three Gaussian functions with zero mean and three different widths, characterized by an average width of 49 fs, is used. The resolution is found to be overestimated by about 4 fs and to be dependent on the decay time. Taking these effects into account, an uncertainty of 8 fs on the average width is considered as a systematic uncertainty. It is estimated from simulation that the measurement of the decay time is biased by no more than 2 fs, and this effect is also accounted for as a systematic uncertainty.
Determination of the production asymmetries
The production asymmetries are determined by means of unbinned (B 0 (s) ) and binned (B + ) maximum likelihood fits, for each kinematic bin, to the invariant mass (B + ) and invariant mass and decay time (B 0 (s) ) distributions, using the models described in the previous section. The models are validated with a series of fits to the mass and lifetime distributions of events obtained from pseudoexperiments. No evidence of biases on central values nor on the uncertainty is found. Furthermore, a global fit to the total sample of selected candidates is performed for each of the three decay modes to validate the fitting model on data. In the case of the time-dependent analysis, the mass differences ∆m d and ∆m s , the mixing parameters |q/p| B 0 and |q/p| B 0 s , the average decay widths Γ d and Γ s , and the width difference ∆Γ s are fixed to the central values of the measurements reported in Table 1 . The width difference ∆Γ d is fixed to zero. The signal yields, A P values and detection asymmetries obtained from the global fits are reported in Table 2 , for the neutral B-meson decays, while the signal yield and A raw for the B + decay are reported in Table 3 . The A P values obtained from the time-dependent global fits, reported here for illustrative purposes, are detector-independent quantities only if efficiency corrections as a function of p T and y are applied. An accurate knowledge of the decay-time resolution is important for the B 0 s → D − s π + decay, due to the fast oscillation of the B 0 s meson. For this reason the decay-time resolution is determined using the method previously described, applied to candidates in each (p T , y) bin.
According to Eq. 2, the measurement of A P (B + ) requires knowledge of the CP asymmetry A CP (B + → J/ψ K + ) and A D (K + ). The value recently measured by LHCb [23] with an independent data set is used for the former and corresponds to
The measurement of the kaon detection asymmetry is obtained from D-meson decays produced directly in proton-proton collisions, using the same technique reported in Ref. [19] . It consists of measuring raw asymmetries from the two decay modes,
, measured by means of a sample of partially and
as described in Ref. [8] . It is estimated that the pion detection asymmetries across the various B + meson bins of (p T , y) are in the range 0-0.2 %. Finally, the detection asymmetry of the 
, is also subtracted.
Systematic uncertainties
Several sources of systematic uncertainty are considered. They are evaluated for each kinematic bin and for each decay mode. For the invariant mass model, the effects of the uncertainty on the shapes of all components (signals, combinatorial and partially reconstructed backgrounds) are investigated. For the decay-time model, systematic effects related to the decay-time resolution and reconstruction efficiency are studied. The effects of the uncertainties on the external inputs used in the fits, reported in Table 1 , are evaluated by repeating the fits with each parameter varied by ±1 standard deviation (σ). Alternative decay-time parameterizations of the background components are also considered. To estimate the contribution of each single source, the fit is repeated for each (p T , y) bin after having modified the baseline fit model. The shifts from the relevant baseline values are taken as the systematic uncertainties. A detailed description follows. To estimate a systematic uncertainty related to the parameterization of final-state radiation effects on the signal mass distributions, the parameter s of Eq. 6 is varied by ±1σ of the corresponding value obtained from fits to simulated decays. A systematic uncertainty related to the invariant mass resolution model is estimated by repeating the fit using a simplified model with a single Gaussian function. The systematic uncertainty related to the parameterization of the mass distribution for the combinatorial background is investigated by replacing the exponential function with a linear function. Concerning the partially reconstructed background, a systematic uncertainty is assessed by repeating the fits while excluding the low invariant mass region, applying the requirement m > 5330 MeV/c 2 to B The impact of the small bias in the reconstructed decay time is assessed by introducing a corresponding bias of ±2 fs in the decay-time resolution model. The determination of the systematic uncertainties related to the |q/p| input values requires special treatment, as A P is correlated with |q/p|. For this reason, any variation of |q/p| produces the same shift of A P in each of the kinematic bins. Such a correlation is taken into account when integrating over p T and y. The values of the systematic uncertainties related to the knowledge of |q/p| are 0.0009 in the case of A P (B 0 ) and 0.0021 in the case of A P (B 0 s ). For the B + decay, the uncertainties on A CP (B + → J/ψ K + ) and A D (K + ) are considered as systematic uncertainties. They introduce correlations among the bins that are considered when the integrated results are calculated.
The Λ 0 b production asymmetry is calculated, in each kinematic bin, assuming that the number of produced hadrons of any species in the i-th bin containing a b quark, N i, b , is equal to the number of produced hadrons containing a b quark, N i, b , i.e. relying on Eq. 3. This assumption is strictly valid in the full phase space, but not necessarily in a specific bin. In the event that
) is biased by the quantity
Values for δz i are studied using simulated events. Systematic uncertainties on A P (Λ 
The value of A P (Ξ b ) is found to be double that of A P (Λ When the integrated results are calculated, all the systematic uncertainties estimated for each bin are propagated according to Eq. 4 and correlations among the bins are taken into account. An additional systematic uncertainty is considered by studying how the integrated values vary in the case that the values of ω i are measured using a data driven approach. In this case ω data i is measured as
where ε total i is the total reconstruction efficiency, obtained as a combination of the selection efficiency, determined from simulation, and PID and trigger efficiencies, measured from data. Differences in the central values between A P calculated using either ω i or ω data i are found to be small for all the decay modes. Table 4 summarizes systematic uncertainties associated with the integrated measurements. Table 5 reports the values of the fit parameters. No evidence for any dependence is observed. Finally, integrating over both p T and y, the b-hadron production asymmetries are found to be
Results and conclusions
All the results are consistent with zero within 2. Appendix Table 6 : Values of A P (B + ) and A P (B 0 ) in each kinematic bin for data collected in proton-proton collisions at centre-of-mass energy of 7 TeV. The first uncertainties are statistical and the second systematic.
(0.00, 2.00) (2.10, 2.70) 0.0085 ± 0.0156 ± 0.0036 0.0722 ± 0.0770 ± 0.0010 (0.00, 2.00) (2.70, 2.85) −0.0014 ± 0.0191 ± 0.0036 −0.1108 ± 0.0815 ± 0.0020 (0.00, 2.00) (2.85, 3.00) 0.0016 ± 0.0177 ± 0.0036 −0.0300 ± 0.0733 ± 0.0024 (0.00, 2.00) (3.00, 3.15) −0.0052 ± 0.0171 ± 0.0036 −0.0849 ± 0.0624 ± 0.0038 (0.00, 2.00) 0.0102 ± 0.0904 ± 0.0017 (9.50, 10.75) (3.00, 3.15) 0.0267 ± 0.0318 ± 0.0045 −0.0586 ± 0.0847 ± 0.0023 0.0394 ± 0.0777 ± 0.0042 Table 8 : Values of A P (B 0 s ) and A P (Λ 0 b ) in each kinematic bin for data collected in proton-proton collisions at centre-of-mass energy of 7 TeV. The first uncertainties are statistical and the second systematic.
(2.00, 7.00) (2.10, 3.00) 0.0166 ± 0.0632 ± 0.0125 −0.0892 ± 0.0508 ± 0.0214 (2.00, 7.00) (3.00, 3.30) 0.0311 ± 0.0773 ± 0.0151 0.0507 ± 0.0539 ± 0.0208 (2.00, 7.00) (3.30, 4.50) −0.0833 ± 0.0558 ± 0.0132 0.0849 ± 0.0401 ± 0.0188 (7.00, 9.50) (2.10, 3.00) 0.0364 ± 0.0479 ± 0.0068 0.1374 ± 0.0697 ± 0.0313 (7.00, 9.50) (3.00, 3.30) 0.0206 ± 0.0682 ± 0.0127 0.0138 ± 0.0913 ± 0.0298 (7.00, 9.50) (3.30, 4.50) 0.0058 ± 0.0584 ± 0.0089 0.0466 ± 0.0770 ± 0.0347 (9.50, 12.00) (2.10, 3.00) −0.0039 ± 0.0456 ± 0.0121 −0.0128 ± 0.0985 ± 0.0367 (9.50, 12.00) (3.00, 3.30) 0.1095 ± 0.0723 ± 0.0179 −0.0848 ± 0.1379 ± 0.0452 (9.50, 12.00) (3.30, 4.50) 0.1539 ± 0.0722 ± 0.0212 −0.1523 ± 0.1414 ± 0.0488 (12.00, 30.00) (2.10, 3.00) −0.0271 ± 0.0336 ± 0.0061 −0.0720 ± 0.1248 ± 0.0465 (12.00, 30.00) (3.00, 3.30) −0.0542 ± 0.0612 ± 0.0106 0.3291 ± 0.2299 ± 0.0918 (12.00, 30.00) (3.30, 4.50) −0.0586 ± 0.0648 ± 0.0150 −0.0571 ± 0.2162 ± 0.0800 Table 9 : Values of A P (B 0 s ) and A P (Λ 0 b ) in each kinematic bin for data collected in proton-proton collisions at centre-of-mass energy of 8 TeV. The first uncertainties are statistical and the second systematic.
(2.00, 7.00) (2.10, 3.00) 0.0412 ± 0.0416 ± 0.0150 0.0032 ± 0.0318 ± 0.0139 (2.00, 7.00) (3.00, 3.30) −0.0241 ± 0.0574 ± 0.0079 0.0929 ± 0.0392 ± 0.0171 (2.00, 7.00) (3.30, 4.50) 0.0166 ± 0.0391 ± 0.0092 0.0437 ± 0.0284 ± 0.0173 (7.00, 9.50) (2.10, 3.00) 0.0482 ± 0.0320 ± 0.0067 0.0069 ± 0.0434 ± 0.0169 (7.00, 9.50) (3.00, 3.30) 0.0983 ± 0.0470 ± 0.0155 0.0076 ± 0.0589 ± 0.0259 (7.00, 9.50) (3.30, 4.50) −0.0430 ± 0.0386 ± 0.0079 0.1053 ± 0.0524 ± 0.0252 (9.50, 12.00) (2.10, 3.00) 0.0067 ± 0.0303 ± 0.0063 −0.0512 ± 0.0594 ± 0.0215 (9.50, 12.00) (3.00, 3.30) −0.1283 ± 0.0503 ± 0.0171 0.2355 ± 0.0877 ± 0.0399 (9.50, 12.00) (3.30, 4.50) −0.0500 ± 0.0460 ± 0.0104 0.1531 ± 0.0838 ± 0.0320 (12.00, 30.00) (2.10, 3.00) −0.0012 ± 0.0222 ± 0.0050 0.0453 ± 0.0762 ± 0.0300 (12.00, 30.00) (3.00, 3.30) 0.0421 ± 0.0416 ± 0.0162 −0.0934 ± 0.1377 ± 0.0493 (12.00, 30.00) (3.30, 4.50) 0.0537 ± 0.0447 ± 0.0124 0.3173 ± 0.1411 ± 0.0655 Table 10 : Values of the production asymmetries in bins of p T , integrated over y, for B + and B 0 mesons for data collected in proton-proton collisions at the centre-of-mass energy of 7 TeV. The first uncertainties are statistical and the second systematic. The uncertainties among the bins are correlated due to the external inputs: A CP (B + → J/ψ K + ) and A D (K 0 ) for A P (B + ), and |q/p| for A P (B 0 ).
(0.00, 2.00) 0.0015 ± 0.0067 ± 0.0036 0.0215 ± 0.0297 ± 0.0025 (2.00, 4.50) −0.0050 ± 0.0040 ± 0.0037 0.0123 ± 0.0163 ± 0.0078 (4.50, 7.00) −0.0010 ± 0.0045 ± 0.0038 0.0124 ± 0.0150 ± 0.0042 (7.00, 8.25) 0.0083 ± 0.0080 ± 0.0041 −0.0440 ± 0.0219 ± 0.0012 (8.25, 9.50) −0.0078 ± 0.0096 ± 0.0039 −0.0476 ± 0.0248 ± 0.0038 (9.50, 10.75) −0.0220 ± 0.0114 ± 0.0044 0.0155 ± 0.0297 ± 0.0056 (10.75, 12.00) −0.0045 ± 0.0138 ± 0.0043 0.0404 ± 0.0357 ± 0.0040 (12.00, 15.00) 0.0107 ± 0.0124 ± 0.0053 −0.0050 ± 0.0269 ± 0.0035 (15.00, 30.00) −0.0146 ± 0.0150 ± 0.0065 0.0333 ± 0.0298 ± 0.0077 Table 11 : Values of the production asymmetries in bins of y, integrated over p T , for B + and B 0 mesons for data collected in proton-proton collisions at the centre-of-mass energy of 7 TeV. The first uncertainties are statistical and the second systematic. The uncertainties among the bins are correlated due to the external inputs: A CP (B + → J/ψ K + ) and A D (K 0 ) for A P (B + ), and |q/p| for A P (B 0 ). 0.0041 ± 0.0062 ± 0.0046 0.0044 ± 0.0173 ± 0.0045 Table 12 : Values of the production asymmetries in bins of p T , integrated over y, for B + and B 0 mesons for data collected in proton-proton collisions at the centre-of-mass energy of 8 TeV. The first uncertainties are statistical and the second systematic. The uncertainties among the bins are correlated due to the external inputs: A CP (B + → J/ψ K + ) and A D (K 0 ) for A P (B + ), and |q/p| for A P (B 0 ). 
